Abstract-Panel Co-integration is one of the most popular methods to reveal and evaluate the influence and the interactions that may exist between long-term variables; Co-integration is used in different field and enjoying unprecedented popularity due reliability, clarity and robustness.
INTRODUCTION
C ardiovascular diseases are the leading cause of worldwide mortality, each year more and more people die cause the cardiovascular disease comparatively to any other causes, the number of deaths because the cardiovascular disease is estimated at 17.3 million and represent 30% of the total global mortality [I] , among these deaths, 7.3 million were caused by coronary heart disease and 6.2 million by A VC (2008 statistics) [2] .
Over 80% of deaths happen in countries with low and middle income and occur almost equally between men and women. By 2030, almost 23.3 million people will die from cardiovascular disease (mainly heart disease and A VC),
978-1-4799-3351-8/14/$31.00 ©2014 IEEE according to projections, these diseases should remain the leading causes of death [1, 3] .
However, the good fact is that 80% of premature heart attacks and A VC are avoidable. The detection of abrupt changes of blood pressure in real time, the potential heart attack prediction and providing the doctor a comprehensive state range of the patient are the keys of prevention. For a lighter treatment and better chances of recovery, early diagnosis is a real boon for patients suffering of cardiovascular diseases. The benefit of early diagnosis is that we can detect and make decisions to mitigate the risks of cardio-vascular problems.
Two effective tools enable better diagnosis being early; the first way is to develop telemedicine applications that allow a real-time monitoring of the health status of the patient. The second procedure that will be complementary to the first is to make a mathematical model of a set of physiological data to help us better understand the phenomenon, assimilate and explain the temporal behavior of the studied physiological variables.
Our study will be based on this idea, have the necessary patient data in a critical condition in real time via a mobile smartphone. For this reason, a perfect analysis of the physiological data is necessary for us, the analysis is performed in two dimensions, the first is the most known, consists to use the theories of information and the processing algorithms signal to take and evaluate physiological parameters, our second aspect, called the second dimension of the examination is to find causality in long term (Co-integration) between physiological signals, it helps doctors and health officials to take all precautions to facilitate the choice of an appropriate intervention and decisions necessary for one unique goal, saving people's lives.
One of the main reasons behind the application of Co integration and causality in panel data is to obtain statistical power to improve the interpretation of results. Unfortunately, tests of Co-integration and causality using a panel data involve several complications; fust of all, the panel data usually have a large amount of heterogeneity which makes the parameters difficult to model. Secondary, when an empirical study has a large number of data in two dimensions, as our study, a major challenge appears during the computer implementation.
Several methods exist in this context, beginning with the methods of causality, the fust causality was proposed and introduced by Wiener and Granger (Nobel 2003) [10] , genetics [11] and especially the analysis of biological systems, with a very special emphasis on the neural field [12, 13] , the study of cardiac signals [14, 15, 16, 17, 18] and cardiorespiratory [18] interactions.
In the remainder of this article, we will look at studied panel data causality and panel Co-integration of a number of physiological signals, derived from the MGH / MF database, the approach was then applied to three leads ECG, ART (Arterial Pressure), PAP (pulmonary arterial pressure), CVP (Central Venous Pressure), RESP (Respiratory Impedance) and C02, taken from the MGH / MF (Massachusetts General Hospital/Foundation Marquette) database, These signals are ideal for understanding causality.
Recent advances in mathematical modeling have great enthusiasm of researchers especially in analysis using panel data. The application of Co-integration and causality allows us to ask an important question, are the blood pressure, central venous pressure, pulmonary arterial pressure, respiration, and C02 that outweighs the three ECG leads or the three leads ECG to a change in the hemodynamic respiratory variables?
The goal of the paper is to propose to study the direction of causality between the signals mentioned previously and test of Co-integration, our contribution in this article is based on the following points:
• Three-dimensional analysis of the heart • Check if there is a long-term relationship between the three lead ECG and hemodynamic respiratory signals based on the panel Co-integration.
• Modelize, and even quantify the rate of convergence of this long-term relationship if it exists.
• Define the direction of causality between the three lead ECG and hemodynamic respiratory signals based on the panel Granger causality.
• Try to understand the impact of hemodynamic respiratory signals on three leads ECG in the long term. The remainder of this paper is organized as follows: In Section 2, we give some definition of the variables. In Section 3, we will establish the data used and the methodology to follow. Then, in section 4 we present the test for non stationarity. In section 5 we present the unit root tests. In section 6, 7, 8 we put in evidence the approach of Co integration, the estimated long-term relationship and granger causality test respectively. Finally, we lead an analysis, scientific discussion, conclusion and a projection of perspectives.
II.

DEFINITIONS OF SOME VARIABLES STUDIED
ECG leads: Lead systems allow you to look at the heart from different angles. Each different angle is called a lead. The different leads can be compared to radiographs taken from different angles. ART: Blood pressure is the pressure of blood in the arteries, also referred to as blood pressure because this pressure is the force exerted by the blood against the walls of arteries, tends the wall of the artery. CVP: Central venous pressure (CVP) also known as: right atrial pressure (RAP) describes the pressure of blood in the thoracic vena cava near the right atrium of the heart; it reflects the amount of blood returning to heart and the heart's ability to pump blood into the arterial system. PAP: Pulmonary arterial pressure measures the pressure in the pulmonary arteries, the latter carries blood from the right side of the heart to the lungs.
III. DATA AND METHODOLOGY
A. Data Analysis
The Massachusetts General Hospital Marquette Foundation (MGH / MF) Waveform database is a comprehensive collection of electronic records hemodynamic and electrocardiographic signals stable and unstable patients in intensive care units, operating rooms and cath labs heart. It is the result of collaboration between physicians, biomedical engineers and nurses of the Massachusetts General Hospital, which includes three ECG leads, arterial pressure, pulmonary arterial pressure, central venous pressure, respiratory impedance and C02. This multi-dimensional cardiac data collected from various parts of body can effectively imitate the signals from various on body sensor nodes.
The original dataset contains total 250 sets of cardiac signals; each containing 12 to 86 minutes in most cases are about an hour of recording. we selected 186 people on 250 for our simulation, the latter contains all the signals mentioned previously against by the rest do not have the typical data for our studies, These signals include cardiac events such as premature ventricular contraction, supraventricular premature, tachycardia, bradycardia, ventricular pacing and ectopic beat, which are all manually annotated by clinical professionals.
B. Methodology
In the analysis of the relationship in long-term of the data panel, the choice of the appropriate technique is an important theoretical and empirical question. Co-integration is the most appropriate technique to study the long-term relationship between our cardiorespiratory hemodynamics variables. The empirical strategy used in this paper can be divided into four main stages. First, unit root tests in panel series are undertaken. Second, if they are integrated of the same order, the Co-integration tests are used. Third, if the series are co integrated, the vector of Co-integration in the long-term is estimated using the methods (FMOLS) and (DOLS). Finally, the Granger causality test in panel will be undertaken.
IV. NO-STATIONARITY OF THE SERIES: DETECTION TESTS
A. Definition of non-stationarity
Most of the time series are non-stationary, ie the process that describes not verify at least one of the definition conditions of a stationary process given by:
Is a stationary series. It is also called white noise.
V.
WHY TEST THE PANEL UNIT ROOT?
The unit root tests administered to the panel data have several advantages over those time-series. First, the number of data used is more important because of the meeting of the individual dimension and the temporal dimension.
The Extending of the database has real interest, as it strengthens the power of unit root tests to distinguish the stationary or non-stationary series. Several studies show that the unit root tests on panel data are more powerful than those carried out on time series.
Technical panel data may also be preferred because of their low restrictions; in fact, they capture effects specific to each patients, heterogeneity of the direction and magnitude of the parameters through the panel. In addition, these techniques allow the model to be selected with a high degree of flexibility by providing a relatively wide range of different specifications, from models with constant and deterministic trend up to models with no constant and no trend; within each model, there is the possibility of testing for common time effects.
Panel unit root tests are used to examine the degree of integration between ECG and our hemodynamic respiratory signs. To assess the stationary properties of the used variables, this study use five different panel unit root tests including Levin, Lin and Chu [19] (herein referred to as LLC); 1m, Pesaran, and Shin [20] (herein referred to as IPS); Maddala and Wu [21] , Breitung [22] (herein referred to as BRT) and Hadri [23] . For each technique, we test for unit roots in the panel using two types of models. The first model has a constant and a deterministic trend and the second model has only a constant and no trend.
VI. CO-INTEGRATION APPROACH
The concept of Co-integration can be defmed as a systematic co-movement between two or more variables in the long-term. According to Engle and Granger [4] , if X and Yare both non-stationary, one would expect that a linear combination of X and Y would be a random walk. However, the two variables may have the property that a particular combination of them Z = X -bY is stationary. If such a property holds true, we say that X and Y are Co-integrated.
A. Panel Co-integration
It is now recognized in the scientific literature that the best methods for testing unit roots and Co-integration is to use methods based on a panel. These methods greatly increase the power of the tests and often involve a two-steps procedure. The first step is to test the panel unit root; the second is the panel Co-integration tests.
For the 186 patients in our empirical study, heterogeneity may arise due to differences in sex, age of patients and many other things. To ensure wide applicability of any panel Cointegration test, it is important to take into account as much as possible heterogeneity between the different group members.
Pedroni [24, 25] developed a method based on panel Co integration residues that can take into account the heterogeneity in individual effects, the slope coefficients and individual linear trends between patients. Pedroni [25] considers the following type of regression:
For a time series panel of observables Yi t and Zi t for members i = 1, ... ,N over time periods t = 1, ... T. the variables Yi t and Xi t are assumed to be integrated of order one, denoted 1(1). The parameters ai and bi allow for the possibility of individual effects and individual linear trends, respectively. The slope coefficients �i are also permitted to vary by individual, so in general the Co-integrating vectors may be heterogeneous across members of the panel.
Pedroni [24] , proposes seven statistics to test for the null hypothesis of no Co-integration in heterogeneous panels. These tests comprise of two types. The first type is the panel Co-integration tests (within-dimension).
The However, the distinction comes from the specification of the alternative hypothesis. For the tests based on "Within", the alternative hypothesis is Pi = P < 1 for all i, while concerning the last three test statistics that are based on the "Between" dimension, the alternative hypothesis is Pi < 1 for all i.
The finite sample distribution for the seven statistics has been tabulated by Pedroni [24, 25] through Monte Carlo simulations. The calculated statistic tests must be smaller than the tabulated critical value to reject the null hypothesis of the absence of Co-integration.
All seven tests are conducted on the estimated residuals from a model based on the regression in (5). Following, Pedroni [24] , heterogeneous panel and heterogeneous group mean panel Co-integration statistics are calculated as follows:
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Where, ei t is the estimated residual from (5) and Lnr is the estimated long-run covariance matrix for I:J. ei ,t.The other terms are properly defmed in Pedroni [24] with the appropriate lag length determined by the Newey-West method.
VII. ESTIMATING THE LONG RUN CO-INTEGRATION RELATIONSHIP IN PANEL CONTEXT
After confIrmation of the existence of a Co-integration relationship between the series, must be followed by the estimation of the long-term relationship. There are different estimators available to estimate a vector Co-integration panel data, including with and between groups such as OLS estimates, fully modifIed OLS (FMOLS) estimators and estimators dynamic OLS (DOLS).
In the Co-integrated panels, using the technique of ordinary least squares (OLS) to estimate the long-term equation leads to biased parameter estimates unless the regressors are strictly exogenous, so that, the OLS estimators cannot generally be used for valid inference.
VIII. PANEL GRANGER CAUSALITY
Panel Co-integration method tests whether the existence or absences of long-run relationship between cardiorespiratory hemodynamic signals for the 186 patients. It doesn't indicate the direction of causality. When Co-integration exists among the variables, the causal relationship should be modeled within a dynamic error correction model Engle and Granger [4] .
The main purpose of our study is to establish the causal linkages between cardiorespiratory hemodynamic signals, the Granger causality tests will be based on the following regressions:
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X can take ECG Three Leads, in other words X = {ECG Lead 1, ECG Lead 2 or ECG Lead 3} are as previously defined, ECT t-l is the error-correction term, p denotes the lag length and (1 -L) is the fIrst difference operator and ECT t-l stands for the lagged error correction term derived from the long run cointegration relationship. An error correction model enables one to distinguish between the long run and short run Granger causality. The short term dynamics are captured by the individual coefficients of the lagged terms. Statistical significance of the coefficients of each explanatory variable are used to test for the short run Granger causality while the significance of the coefficients of ECT t-l gives information about long run causality. It is also desirable to test whether the two source of causation are jointly significant.
IX. EMPIRICAL RESULT
Before beginning our results, we must clarify some details and signs:
• Corresponds to the causal direction between three ECG leads to (ART, CVP, PAP, RESP, and C02).
•
+--
Corresponds to the causal direction between (ART, CVP, PAP, RESP, and C02) to three ECG leads.
• *: Indicates statistical signifIcance at 1 %.
• A Value above the sign is the value of F-statistic, which is considered a measure of the correlation between the variables studied.
• A value above the sign +--, which is in brackets, corresponds to the value of the probability of causation.
• (x E x) : (x exponential x) .
• MGH Number: corresponds to a given patient.
• [x:long-term coeffIcient.
A. Panel unit root tests
Maddala and Wu [21] propose a non-parametric and exact test which is based on Fisher test, and combining the P-values from individual unit root tests. This test is superior compared to the IPS test Maddala [21] . Its advantage is that its value does not depend on different lag lengths in the individual ADF regressions.
Breitung [22] , several studies have shown using a Monte Carlo simulation, as proposed by Breitung for unit roots in panel test is much more powerful than the LLC and IPS tests. LLC [19] and IPS [20] suffer from loss of power if specifIc individual trends are included. This is due to bias correction, which also eliminates the local alternative average sequence. Breitung suggests a test statistic that does not use a bias correction whose power is signifIcantly higher than the LLC or IPS tests.
The Hadri-test [23] is a residual-based Lagrange Multiplier (LM) test where the null hypothesis is that there is no unit root in any of the series in the panel against the alternative of a unit root in the panel.
To investigate the stationarity of the used series, we used the unit root tests on panel data (Levin Lin and Chu [19] , 1M Pesaran and Shin [20] , Breitung, Maddala and Wu [21] .).
The results of these tests are presented in the TAB I The table summarizes the results of tests (LLC), (IPS), (BRT), (MW) and Radri test applied to the variables of the model. (LLC) Tests and especially the Radri test show that the series are non-stationary in level; other tests indicate that all series are stationary in level. This contradiction in the results leads us to the test in fIrst differences, to ensure the integration of variable order. Passing the fIrst differences, we fmd that all series are stationary, even for Radri test. We conclude that they are integrated of order one I {( I)} .
We have seen that all variables are integrated order. 1, Based on these test results panel unit root, we proceed to Co integration test panel and that by relying on Pedroni tests [24, 25, 26] . The results are as follows:
Set apart the (LLC) test, which indicates that the series are non-stationary in fIrst differences; this can be partly explained by the low statistical power of this test providing the other unit root tests used as the Radri test. We can nevertheless emphasize the effIciency and power of unit root tests in panel, as in the fIrst series are stationary differentiation whatsoever for the model with trend and constant, constant or neither constant nor trend. This proves that the panel tests are more powerful compared to unit root tests in time series. The tables summarize the results of seven (07) Pedroni Statistical Co-integration. The results show that there is a long term relationship between the variables in the models studied; this relationship is characterized by a statistically significant and exceptional strength, as all statistical probabilities are equal to O. So we can say with certainty that there can be no possible ambiguity about the existence of a long-term relationship. Co integration of variables depends on the value of the probability associated with each statistics. And the seven tables of the three statistical seven probability values are below 1 %. These are all integrand intra-individual tests; all this proves that there is a relationship of co-integration between the variables in the model.
C. The FMOLS and DOLS estimations
In this step, we estimate the long-term relationships using FMOLS methods and DOLS estimators proposed by Pedroni [26] and Mark and Sui [28] . FMOLS and DOLS estimators give different results. It is important to note that the DOLS method has the disadvantage of reducing the number of degrees of freedom by including leads and lags in the studied variables, which leads to less reliable estimates. 
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As mentioned above, we used two techniques for obtaining estimates of parameters of the long-term relationship between the three leads ECG and hemodynamic respiratory signals, the TAB V, VI and VII presents the results FMOLS and DOLS. The coefficients of hemodynamic respiratory signals and the three leads ECG1, ECG2 and ECG3, are generally statistically significant at 1 % in both within and between. Being the coefficients can be interpreted as elasticity. Overall, the results of this study show that there is a strong long-term relationship between the three leads ECG and hemodynamic respiratory signals. The results for ECG 1 ECG2 and ECG3 suggest that an increase of 1 % of PAP increases ECG's, respectively, 0.001016 % 0.000551 % 0.000150 % in the Within dimension based on the method FMOLS, these results highlight the involvement of hemodynamic signals to three ECG leads. These results suggest that a 1 % increase in CVP increases ECG 1 and ECG3, respectively, 0.054412 % 0.117533 % in the between dimension based on the DOLS method. It should be noted that the coefficients as (ART, RESP, and C02) are negative, in this case must take its results with the greatest caution.
D. Panel Granger causality results
Having established that the three leads ECG is Co integrated in the long-term with hemodynamic respiratory signals, this step is done to objectively examine the causal relationship between these variables, the following table summarize all the results of causality, the optimal structure of delays was established using the Akaike and Schwarz information criteria. The table shows that there is a cause and effect way, except in the case ECG 1 with C02, or where there's no causality, summary Granger causality runs from three ECG leads to hemodynamic respiratory signals for different individuals and vice versa. In other words, the assumption of feedback (bidirectional relationship between three lead ECG and hemodynamic signals in which the causality works in both directions) is confirmed for these individuals. Therefore, the impact from the hemodynamic respiratory signals will affect the three ECG leads and vice versa.
x.
DISCUSSIONS AND CONCLUSIONS
In order to check the long-term convergence between our studied signals, we applied the Co-integration method. The results show that there is actually a convergence of these signals. In this article, we focus on the technical and non medical aspects in the fact that we belong to the telemedicine fields, however we will give some scientific explanations to clarify this convergence. First, pulmonary hypertension in the long term, it causes right ventricular failure. Second, blood hypertension induced left ventricular hypertrophy that will cause at long-term a heart failure. Finally, a sufficient supply of oxygen to the heart, weak and overloaded will cause at long term coronary heart disease.
Our hypotheses are based and validated by the Granger causality and Co-integration panel in long run, the mathematically search result obtained by this method could confirm the cardiorespiratory hemodynamic anatomy, the knowledge and the quantitative understanding of these interactions are critical in monitoring people at risk situations (awakening from anesthesia, age-related pathologies, followed pregnant women, ... ), so for our future telemedicine applications, is a real progress towards the perfect analysis of signals received in real time and in long-term. Based on these results, we will drawing in advance and with the inclusion of all the interdependencies with these specific degrees protocols enable an excellent Intervention.
